The SEN virus (SENV) has been linked to transfusion-associated non-A-E hepatitis; however, 16 information regarding SENV infections in patients with thalassemia, particularly in those with 17 hepatitis virus co-infections, remains limited. This study investigated the frequency of SENV 18 (genotypes D and H) infections in Iraqi patients with thalassemia who were and were not 19 infected with hepatitis C virus (HCV). The study involved 150 β-thalessemia patients (75 with 20 HCV infections and 75 without) and 75 healthy blood donors. Patient levels of vitamins C and E, 21 liver function markers, and glutathione peroxidase (GPX) were determined. Recovered viral 22 nucleic acids were amplified using the conventional polymerase chain reaction (SENV DNA) or 23 the real-time polymerase chain reaction (HCV RNA) techniques. Only 10% of healthy donors 24 had evidence of SENV infection. Among patients with thalassemia, 80% and 77% of patients 25 with and without concurrent HCV infections, respectively, had SENV infections. DNA 26 sequencing analyses were performed on blood samples obtained from 29 patients. Patients with 27 thalassemia, particularly those with SENV infections, had higher levels of several enzymatic 28 liver function markers and total serum bilirubin (P < 0.05) than did healthy blood donors. Among 29 the examined liver function markers, only gamma-glutamyl transferase demonstrated 30 significantly higher levels in HCV-negative patients infected with SENV-H than in those 31 infected with SENV-D (P = 0.01). There were significantly lower vitamin C, vitamin E, and 32 glutathione peroxidase levels in patients than in healthy donors (P < 0.05), but only glutathione 33 peroxidase levels were significantly lower in HCV-negative thalassemia patients infected with 34 SENV than in those without SENV infections (P = 0.04). The SENV-H genotype sequences 35 were similar to the global standard genes in GenBank. These results increase our understanding 36 of the nature of the SENV-H genotype and the differential role of SENV-H infections, compared 37 to SENV-D infections, in patients with thalassemia, in Iraq.
Introduction
copies/specimen (CY3 channel)/immune complexed RNA copies/specimen (FAM channel) × 148 coefficient = IU HCV/mL. These results were also expressed as copies/mL by multiplying by 4 149 [9, 10] . nuclease-free water [8] . 160 The SENV DNA was amplified using nested conventional PCR, as follows. 
Results

187
The 75 patients with β-thalassemia and strongly suspected of having HCV infections The sex-based distribution of SENV genotypes was also determined (Table 3) . Among those 220 with β-thalessemia, a high percentage of males (52%) were infected with SENV-D, whereas 221 SENV-H was more predominant among females (40.3%). Co-infections with both SENV-D and 222 SENV-H were most commonly observed in males (18.0%). However, a statistically significant 223 sex-based distribution was not observed for either SENV genotype (Table 3) .
224 relative to those with SENV-D infections (Table 5) , but these differences were not statistically 246 significant. This study also showed significant differences in serum vitamin C, vitamin E, and GPX levels 252 between healthy blood donors and SENV-positive, HCV-negative patients with thalassemia 253 (Table 6 ). However, there was no significant difference in the levels of vitamins C and E 254 between SENV-positive and SENV-negative patients. Interestingly, the level of GPX was 255 significantly lower in SENV-positive patients than in SENV-negative patients.
256 Table 6 and infected with the two SENV genotypes showed that the GPX levels were significantly 263 lower in patients infected with SENV-D or SENV-H, than for healthy donors (Table 7) . sequencing results also revealed that after product alignment, the amplified SENV-H gene 286 showed two types of substitutions (transition and transversion) compared with those in GenBank.
. Vitamin C, vitamin E, and glutathione peroxidase levels in healthy blood donors and in SEN virus
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Further, isolates 1 and 7 showed 100% identity with the sequence for AY183662.1. The
288
remaining isolates yielded 92-99% identity; the low percentage of non-identity was due to 289 transitions and transversions. The sequencing and BLAST analyses of the partial SENV-H genes 290 and the types of gene polymorphisms are shown in Table 9 . is to restore α-tocopherol by oxidizing it. To be an effective antioxidant, the oxidized α-388 tocopherol must be reduced, but this process is slower than ascorbate recycling. Therefore, α-389 tocopherol is likely recycled in the cell membrane by a mechanism that involves enzymatic 390 ascorbate recycling via α-tocopheroxyl [22] . To this end, some studies have suggested using 391 dietary antioxidants, like vitamins C and E, to reduce liver enzyme levels in individuals with significantly lower in thalassemia patients than in the healthy donors. However, the levels were
